Objectives: While epidemiologic research indicates that the prevalence of risk-taking behaviors including cigarette smoking among young people with asthma is substantial, the longitudinal patterns of cigarette smoking in this vulnerable population have received little attention. The aim of this study was to evaluate differences in the longitudinal trajectories of cigarette use behaviors from adolescence to adulthood between young people with and without asthma. 
INTRODUCTION
Asthma is one of the most common chronic respiratory diseases worldwide. Although recent international studies have shown geographical variations in the prevalence of asthma, the prevalence of the disease has been increasing markedly in recent decades especially in developed countries, and the global burden of the disease to governments, health care systems, families, and patients has become substantial [1] . In the US, national data from the Centers for Disease Control and Prevention National Asthma Control Program showed that 18.7 million adults and 7 million children had asthma in 2010. In 2009, the numbers of asthma-related doctor visits and emergency department visits were 8.9 million and 1.9 million, respectively. Asthma was the cause of 14.2 million missed days of work and 10.5 million missed days of school in 2008 [2] . In the Republic of Korea (hereafter Korea), national survey data showed that the prevalence of physician-diagnosed asthma was 9.2% among middle and high school students in 2014 [3] . Of those with physician-diagnosed asthma, 21.3% missed school in 2014 due to issues related to the disease [3] .
Notwithstanding the fact that cigarette smoking is related to the exacerbation of asthma and the occurrence of asthma symptoms, previous studies have shown that the prevalence of cigarette smoking among asthmatic adolescents is similar to or even higher than that among non-asthmatic adolescents [4, 5] . Asthma, especially in childhood and adolescence, is known to be related to psychosocial impairment and behavioral maladjustment [6] [7] [8] . Several previous studies demonstrated that asthmatic children and adolescents are more likely than their healthy peers to manifest anxious and depressive symptoms and engage in health risk behaviors such as cigarette smoking, alcohol drinking, and illicit drug use [7] [8] [9] . In addition, some evidence has suggested that these psychosocial and behavioral problems among asthmatics are related to non-adherence to medications, poor treatment outcomes, and death [9] . Although there is less research on the prevalence of cigarette smoking among asthmatic adults, previous studies have reported that cigarette smoking in this group is common, with the prevalence rate similar to or even higher than that in the general population [10, 11] .
In contrast to a growing body of evidence on pervasive cigarette use behaviors among asthmatic youth with various underlying reasons for cigarette smoking [12, 13] , a paucity of research exists on the longitudinal patterns of cigarette use behaviors in this chronically ill population. Sparse evidence has been derived from studies using data from the National Longitudinal Study of Adolescent to Adult Health (Add Health). Tercyak [14] reported that adolescents with and without asthma were equally likely to experience progression in their cigarette use behaviors during a 1-year follow-up period; and exposure to friends who smoked was a consistent and powerful social risk factor for smoking progression among asthmatic adolescents. Dowdell et al. [15] found that the smoking rate among asthmatic adolescents increased with age until young adulthood, and this rate was equal to or even higher than that among non-asthmatics. As emphasized in the developmental psychopathology theory [16] , the changing patterns of cigarette use behaviors across developmental stages, such as adolescence, young adulthood, and adulthood, need to be elucidated to identify young people with asthma at higher risk for cigarette smoking and implement smoking prevention and cessation programs that address their special needs. As a study expanding on the data analysis of Add Health, the present study aimed to evaluate differences in the longitudinal trajectories of cigarette use behaviors from adolescence to adulthood between young people with and without asthma.
METHODS

Study Population
Add Health is a nationally representative panel study of youth in the US. As described previously in detail [17, 18] 
Asthma Status
Asthma status was classified into three groups using the Wave III data: current asthmatics (those who had been diagnosed with asthma, and had been treated for asthma during the past 12 months; n=630), former asthmatics (those who had been diagnosed with asthma, but had not been treated for asthma during the past 12 months; n=1439), and non-asthmatics (those who had never been diagnosed with asthma; n=10 175).
Cigarette Use Behaviors
Cigarette use behaviors at each time point were assessed by considering smoking frequency and quantity. Smoking frequency was recorded as a score from one to five according to the number of days that participants smoked cigarettes during the past 30 days, which ranged from never to everyday. Smoking quantity was recorded as a score from one to five based on the number of cigarettes smoked per day on the days smoked during the past 30 days, which ranged from 0 to ≥40. The smoking score was calculated as the sum of the smoking frequency and quantity scores, which ranged from two to 10. Admittedly, the smoking score used in the present study was arbitrarily defined, given the absence of established validity for the use of such an assessment approach [19] .
Statistical Analysis
The distributions of selected characteristics were summarized as frequencies and weighted percentages. Differences in proportions across multiple time points were assessed using chisquare tests. The data were subjected to latent growth modeling using the AMOS 20.0 statistical software (IBM Corp., Armonk, NY, USA). Initial levels and changes in cigarette use behaviors from adolescence to adulthood were determined using a linear change model (Wave I estimate, 0; and Wave III estimate, 1) with the final time point (Wave IV) freely estimated to improve the model fit. The model fit was evaluated using the root mean squared error of approximation (RMSEA) with both 0.05 ≤RMSEA <0.10 (a reasonable fit) and RMSEA <0.05 (a good fit) considered acceptable in conjunction with the comparative fit index (CFI) with >0.90 considered acceptable [20] . Separate models were tested for each asthma subgroup. In order to test differences in the longitudinal trajectories of cigarette use behaviors according to asthma status, the categorical variable of asthma status was included as a covariate in the models. All tests were two-sided with p-value <0.05 considered statistically significant. This study was performed in accordance with the guidelines of the Declaration of Helsinki and approved by the institutional review boards of Daegu Catholic University Medical Center in Korea.
RESULTS
Of 12 244 study participants, the weighted percentages of those who smoked on 20 or more days during the past 30 days were 12.1%, 29.0%, and 27.7% at Wave I, III, and IV, respectively. Those who smoked ≥10 cigarettes per day during the past 30 days comprised 6.9%, 20.7%, and 20.2% of the study participants at Wave I, III, and IV, respectively. There were statistically significant differences in the distributions of cigarette use behaviors across the three time points (Table 1) . Differences in initial levels and changes in cigarette use behaviors from adolescence to adulthood according to asthma status are presented in Table 2 . The values of RMSEA and CFI were acceptable, reflecting a good or reasonable model fit to the data; however, the model for current asthmatics who were non-whites had an RM-SEA ≥0.10, reflecting a poor fit. For all models, statistically significant individual differences in both initial levels and changes in cigarette use behaviors were observed.
Regardless of asthma status, the trajectory means of cigarette use behaviors were found to increase, and then slightly decrease during the transition to adulthood (Wave IV estimate, 0.973 for non-asthmatics; 0.940 for former asthmatics; and 0.975 for current asthmatics). In the subgroup analyses by sex and race, this pattern of cigarette smoking was observed among former asthmatics in all of the subgroups (Wave IV estimate, 0.977 for males; 0.892 for females; 0.904 for whites; and 0.991 for non-whites). In total participants, there were no statistically significant differences in initial levels and changes in cigarette use behaviors according to asthma status. However, in select sex and race groups (i.e., females and non-whites), former asthmatics showed greater escalation in cigarette use behaviors from adolescence to adulthood than did non-asthmatics or current asthmatics (Table 2) .
DISCUSSION
This study presents the changing patterns of cigarette use behaviors across important developmental stages (i.e., adolescence, young adulthood, and adulthood) according to asthma status. The longitudinal findings showed that the rate of cigarette smoking increased overall from adolescence to young adulthood. After this stage, however, cigarette use behaviors became relatively stable or declined by adulthood. One conceivable explanation for this finding is that adverse health consequences caused by cigarette smoking at a young age may have deterred these individuals from persistent cigarette smoking through adulthood; this might be especially true among young people with asthma [21, 22] . Given that cigarette smoking can increase the severity and occurrence of asthma symptoms such as coughing, wheezing, and shortness of breath, young people with asthma are considered more susceptible to the adverse health effects of cigarette smoking than their healthy peers are. A clinical review on smoking and asthma reported that cigarette smoking and exposure to secondhand smoke in asthmatics led to poor patient outcomes and reduced the effectiveness of steroid therapy, possibly via various biologic mechanisms such as toxins direct to the bronchial epithelium causing oxidative damage, the release of proinflammatory mediators and cytokines, and increased epithelial permeability [22] . Nevertheless, the present study demonstrated that the changing patterns of cigarette use behaviors during the transition to adulthood among young people with asthma were not different from those among young people without asthma, indicative of even more escalating patterns in select sex and race subgroups.
Adolescence and young adulthood are periods in which a large number of young people are likely to engage in health risk behaviors including cigarette smoking. Many psychosocial, behavioral, and environmental factors have been identified as being associated with cigarette use behaviors among young people [12, 23] . The changing patterns of cigarette smoking over time have also been evaluated in some longitudinal studies. With the lack of consistency across studies, some distinct developmental trajectory groups (e.g., non/experimental smokers, occasional/maturing out smokers, and heavy/regular smokers) have been identified [19, 21, 24] . However, there is limited knowledge of how a variety of factors influences the longitudinal patterns of cigarette smoking among young people with asthma. There has been a body of literature on risk-taking behaviors among young people with chronic illness such as asth- Cigarette Use Behaviors Among Asthmatics ma, diabetes mellitus, and cystic fibrosis [25, 26] . Existing theories have addressed possible roles of low self-esteem, decreased peer acceptance, and increased life stressors in the engagement of risk-taking behaviors among young people with chronic illness [26] . Particularly, studies evaluating risk factors for cigarette smoking among asthmatic youth have suggested that young people with or without asthma smoke for similar reasons [12, 13] . A study of 3234 students attending public high school in Memphis, Tennessee, in 1997 [12] showed that former asthmatics, but not current asthmatics, were more likely than non-asthmatics to smoke weekly. In addition, this study revealed that current asthmatics were more likely than non-asthmatics to report intentions to smoke within the next year. This study also indicated that reasons for cigarette smoking did not differ by asthma status, with the exception of non-asthmatics believing that smoking is relaxing. In a national cross-sectional study of Danish adolescents during 1996-1997 [13] , asthmatic adolescents, especially asthmatic boys, were more likely than their healthy peers to start smoking because they felt pressured, and to smoke currently to stay slim, indicative of possible sex differences in the Assessed by considering smoking frequency (ranging from one to five [the number of days smoked cigarettes during the past 30 days, never to everyday]) and quantity (ranging from one to five [the number of cigarettes per day on the days smoked during the past 30 days, 0 to ≥40]): the score of cigarette use behaviors ranged from two to 10 (the sum of smoking frequency and quantity scores).
2 Current asthmatics were defined as those who had been diagnosed with asthma, and had been treated for asthma during the past 12 months. Former asthmatics were defined as those who had been diagnosed with asthma, but had not been treated for asthma during the past 12 months. Non-asthmatics were defined as those who had never been diagnosed with asthma.
management of their chronic illness [25] . It is also noteworthy that some longitudinal studies have suggested a bidirectional association between asthma and cigarette smoking. Namely, cigarette smoking increases the risk of developing asthma and having asthma predicts the engagement in cigarette smoking [27, 28] . In a longitudinal study among Dutch adolescents, Van De Ven et al. [28] assessed asthma-specific predictors of cigarette smoking and reported low medication adherence and some psychosocial factors such as coping and quality of life as smoking predictors among asthmatic adolescents. In a cohort of adults with asthma in the US, Eisner et al. [29] evaluated several factors predisposing asthmatics to initiate and quit cigarette smoking. Their study revealed that non-Hispanic white race, low educational attainment, and presence in childhood residence of an adult who smoked were associated with an increased risk of smoking initiation. Furthermore, adolescence-onset asthma, low educational attainment, early smoking initiation, and heavy cigarette use were associated with a longer interval until smoking cessation.
The strengths of this study include the use of panel data to assess changes in cigarette use behaviors over multiple time points and the evaluation of these changes using latent growth curve models. As panel data consist of a series of cross-sectional studies of the same individuals, these data allow for the examination of changing patterns over the life course. With regard to statistical methodology, latent growth curve modeling allows the investigator to test the adequacy of the hypothesized growth form [30] . Nevertheless, the findings on cigarette use behaviors among young people with asthma noted in the present study should be interpreted with caution. The limitations of this study include the use of self-reported asthma status, which was not confirmed by medical records or clinical tests, and the possibility of under-reporting on cigarette use behaviors due to the reliance on self-reports. The validity of self-reported smoking has been assessed in previous studies, suggestive of the careful use of self-reports on adolescent smoking [31] . Contextual and community factors that may have an impact on cigarette use behaviors among youth (e.g., local tobacco policies including tobacco sales policies) should be also taken into account, when interpreting these results [32] . Additionally, the arbitrarily-defined cigarette smoking score can make it hard to interpret the results of study. Nonetheless, this study, which was conducted using a nationally representative data, expands the understanding of the changing patterns of cigarette use behaviors among asthmatic youth during the transition to adulthood.
In conclusion, this study suggests that the changing patterns of cigarette use behaviors during the transition to adulthood among young people with asthma are comparable to or even more drastic than that among young people without asthma. Considering the substantial health risk of cigarette smoking, more emphasis needs be placed on effective smoking prevention and cessation programs for this vulnerable population.
